Cross-linking the membrane immunoglobulins of resting B cells leads to activation as judged by increased inositol phospholipid metabolism, intracellular free calcium concentration ([Ca2 k), and cell volume. Such activated B cells enter S phase in the presence of B-cell stimulatory factor 1. Phorbol myristate acetate (PMA) is a potent inhibitor of anti-IgM-and anti-IgD-stimulated B-cell responses. In B cells concentrations of PMA ranging from 0.1 to 100 ng/ml completely inhibit anti-IgM-stimulated DNA synthesis and block anti-IgM-stimulated increases in inositol phospholipid metab- Resting B cells can be activated through cross-linking of membrane immunoglobulins to enter the G1 phase of the cell cycle (1, 2) . This activation appears to be mediated by increased inositol phospholipid metabolism (refs. 3-5; J.M., M.A.B., and W.E.P., unpublished data) leading to the production of diacylglycerol and inositol 1,4,5-trisphosphate (5). As diacylglycerol is an activator of protein kinase C (6, 7), and inositol trisphosphate mobilizes Ca2l from the endoplasmic reticulum in some cell types (8-10) including T cells (11), increases in intracellular free calcium concentration ([Ca2+]i) and in protein phosphorylation upon cell stimulation are thought to result from this increase in inositol phospholipid metabolism. Indeed, some of the [Ca2+], increase in anti-IgM-stimulated B cells occurs in "Ca-free" (-6 ,M Ca2+) medium (J.M., M.A.B., and W.E.P., unpublished data), suggesting that inositol trisphosphate-mediated mobilization of intracellular calcium is also important in B cells.
Resting B cells can be activated through cross-linking of membrane immunoglobulins to enter the G1 phase of the cell cycle (1, 2) . This activation appears to be mediated by increased inositol phospholipid metabolism (refs. [3] [4] [5] ; J.M., M.A.B., and W.E.P., unpublished data) leading to the production of diacylglycerol and inositol 1,4,5-trisphosphate (5) . As diacylglycerol is an activator of protein kinase C (6, 7) , and inositol trisphosphate mobilizes Ca2l from the endoplasmic reticulum in some cell types (8) (9) (10) including T cells (11) , increases in intracellular free calcium concentration ([Ca2+] i) and in protein phosphorylation upon cell stimulation are thought to result from this increase in inositol phospholipid metabolism. Indeed, some of the [Ca2+] , increase in anti-IgM-stimulated B cells occurs in "Ca-free" (-6 ,M Ca2+) medium (J.M., M.A.B., and W.E.P., unpublished data), suggesting that inositol trisphosphate-mediated mobilization of intracellular calcium is also important in B cells.
We will report elsewhere (J.M., M.A.B., and W.E.P., unpublished data) that the effects of anti-IgM can be mimicked in B cells by the use of calcium ionophores and phorbol myristate acetate (PMA), an activator of protein kinase C (12, 13) . The effects include an increase in cell volume and entry into S phase in the presence of B-cell stimulatory factor 1 (BSF-1). Monroe and Kass (14) similarly reported that PMA plus the calcium ionophore A23187 will cause resting B cells to take up tritiated uridine, indicating that, like anti-IgM, the combination of these agents causes B cells to enter the G, phase of the cell cycle.
These findings are somewhat surprising in light of reports that PMA by itself inhibits the anti-IgM stimulation of
[3H]thymidine uptake by B cells (15, 16) . In this communication, we examined the PMA-mediated inhibition of the anti-IgM stimulation of DNA synthesis in B cells and found that it is associated with, and presumably due to, the PMA inhibition of the increases in inositol phospholipid metabo- (17) and the rat anti-mouse IgM heavy chain-specific monoclonal antibody (Bet-1) (18) were prepared as described. As a control antibody, a rat anti-dinitrophenyl monoclonal antibody (50C1, IgG) was kindly provided by J. Davie (Washington University, St. Louis, MO). Goat anti-mouse IgD (anti-IgD) was a gift from Fred Finkelman (Uniformed Services University of Health Sciences, Bethesda, MD). MAR 18.5, a mouse monoclonal antibody to rat kappa chain (19) , was purified using a protein A-Sepharose column and then labeled with fluorescein isothiocyanate. BSF-1, purified by reversed phase HPLC (20) , was the gift from J. Ohara, National Institute of Allergy and Infectious Diseases.
Preparation of B Cells and Cell Culture. B cells were obtained from a T-cell eliminated population of spleen cells as described (21 inhibited by any given PMA concentration was less than that following a 1.5-hr preincubation period. An analog of PMA, which does not activate protein kinase C, 4a-phorbol 12,13-didecanoate (30), caused no inhibition (Fig. 2B) . This suggests that activation of protein kinase C by PMA is important in this inhibition.
Increases in the accumulation of [3H]inositol phosphates in response to anti-IgM stimulation were also inhibited by PMA (Fig. 3) . The concentration-response curve for this inhibition was similar to that for inhibition of increases in [Ca2+] . The Immunology: Mizuguchi et al. anti-IgD (10 ug/ml) in the presence of medium, PMA (10 ng/ml), A23187 (100 ng/ml), or PMA and A23187. The plates were cultured for 72 hr and pulse-labeled with [3H]thymidine for the final 6 hr.
[3H]Thymidine uptake in medium in the absence of BSF-1 is 863 ± 391 cpm. The results are means ± SD of triplicate cultures.
degree of inhibition was almost the same whether cells were preincubated with PMA for 4 min or 1.5 hr. As accumulation of inositol phosphates was measured over a 40-min period, the effect of PMA added 4 min prior to the initiation of culture could have occurred over a substantially longer period, thus diminishing the relative differences in the 4-min and 1.5-hr preincubations.
The inhibitory effects of PMA on normal B-cell responses also extended to the receptor-mediated responses of three B-lymphoma cell lines (BAL 17, WEHI-231, and NBL). (Fig. 4) . B cells cultured with PMA for longer periods, 18 hr or more, had a 40-50% diminution in expression of membrane IgM (Fig. 4) . Thus it 19 ,000 dpm, 9000 dpm, and 150 dpm, respectively. In the presence of anti-IgM, radioactivity in the inositol phosphate fraction was increased 4-fold. Percent of control was calculated by a formula analogous to that used in Fig. 2 . anti-IgM should be most striking during the initial, anti-IgMdependent phase of this response (31) . The period of B-cell sensitivity to PMA was examined by culturing resting B cells with anti-IgM for 53 hr and measuring [3H]thymidine uptake during the last 6 hr of this culture period (Fig. 5A) . PMA caused complete inhibition of [3H]thymidine uptake only when added at the initiation of the culture and caused partial inhibition when added as late as 12 hr after the initiation of culture but, thereafter, PMA caused a modest enhancement of the response to anti-IgM.
We tested the relationship between anti-IgM dependence and PMA sensitivity by preincubating B cells with anti-IgM for various times, washing them, and then culturing them with or without anti-IgM in the presence or absence of PMA (Fig. 5B) . B cells preincubated for 20 hr failed to enter S phase unless anti-IgM was added again. However, PMA failed to inhibit the stimulatory effect of anti-IgM on these B cells. If the PMA inhibition of B-cell activation is due to the phosphorylation of a protein that is in a proximal position in signaling pathway of B cells, it may be possible to isolate this protein and, in so doing, to identify at least one member of a complex that has so far remained obscure.
